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Sir: 

Transmitted herewith is an amendment in the above-identified application. 
[ X ] Enclosed also is an Affidavit of the inventor under 37 CFR > 1.132. 



Small entity status of this application under 37 CFR 1.9 and 1.27 has been established by a verified statem^it previously 
submitted. 

A verified statement to establish small entilv status under 3'' CFR 1.9 and 1.27 is enclosed. 
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boxaT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 




Sir: 





I am a joint inventor of the above-referenced patent appUcation. 

JxL various aystOTs, such as a chemical vapor deposition system used to process 
semiconductor wafers, valves may be used to deliver certain types of leactants, also known as 
precursors, to the deposition chamber, As described in the specification on page 5, prior-ait 
valves are made of SST 316. including valves used by Applied Materials, Inc., assignee of the 
present invention and the world's largest producer of semiconductor wafer processing 
equipment. **Nickel-containing" stainless steels, such as SST 3 16. arc generally preferred for 
use in wafer processing equipment as these stainless steels are known to have good corrosion 
resistance, be easily cleaned, be easily welded, and can operate over a very wide temperature 
range, including cryogenic terc^eratures. 

When these valves arc used to deliver a phosphorous-containing precursor, the 
valves can become clogged with residue after processing about 1800 wafers. We desired to 
increase the throughput of wafers between Scheduled maintenance (cleaning) of the valves to 
increase the up-time of deposition systems that used phosphorous precursors, but did not know 
which aspects of the phosphorous precursor delivery system contributed to the residue 
build-up. 



09 06 00 WED 08:45 FAX 4085635250 



C^'D PRODLCT DEVEI.OMENT 



MO. 275 



P. 3 



[2]003 



Nguyen et al. 

Application No.; 09/190,961 
Page 2 

Our first effort to improve up-time was to replace certain components in the 
standard delivery valve with components made ftom HASTtLLOV™, which is considered to be 
more corrosion resistant than SST 316, To our suipiisc. residue built up oven more quickly 
with the Hastelloy valve than with the valve fabricated from SST 316. We noted that one 
difference between the two metals was that Hastelloy has a higher nickel content 
(approximately 52%) than SST 316 (approximately 12-15% nickel). 

We guessed that nickel may help decompose the phosphorous precursor and 
contribute to the build up of residue, as stated on page S, lines 15-16 of the specification. We 
verified our suspicions through a series of tests, as stated on page 5, lines 4-6, that the amoimt 
of nickel in an alloy in contact with liquid TEPO, one common type of phosphorous precursor, 
did affect residue build-up. 

The first set of tests were *'beaker" tests, in which approximately 300 cc of 
TEPO was placed in a quartz ampxxle with a 1" X 1" coupon of the metal being tested. The 
sample was heated to approximately 150 and the TEPO was observed for changes over a 
standard time period. The test was repeated on samples of Hastelloy, SST 316, SST 430, 
SST 440, and SST 446 using the same procedures and test conditions for all of the metal 
sarc^les being tested. The TEPO was originally colorless, but changed to h^t yellow, to dark 
yellow, to yellowish red dependint^ upon the nickel content of the sample bering tested. 
Additionally, the pH of ihe TEPO was measured after a selected time, a greater change in the 
pH indicating greater decomposition of the TEPO by the metal sample. The decomposition of 
TEPO was much less with SST 430. SST 440, and SST 446, all low-nickei alloys, than with 
Hastelloy or SST 316. The decomposition of TEPO was less with SST 316 than Hastelloy. 
These testa convinced us that a trend existed, namely, that the amount of nickel in components 
contacting the liquid precursor compound directly affected the amount of residue build-up on 
those components. The lower the nickel content, the less build up would occur. 

We concluded that to reduce residue build up, metal components in contact with 
a phosphorous precursor should be made fhsm an alloy with less nickel content that the present 
SST 316 components. Since SST 316 may have as Httle as 10% nickel according to the 
Chemical Composition chart attached hereto as Exhibit A, use of any steel alloy having less 
than 10% nickel would produce improved results. 
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To verify our unexpected conclusion, we perfonned an additional experiment in 
the series of tests at substantially greater co$t. For these additional tests, parts for a delivery 
valve were manufactured from SST 430. SST 430 was chosen because SST 430 is less 
expensive and generally easier to machine than SST 440 and SST 446, although from our 
beaker tests we believed we would obtain similar results from parts fabricated from SST 440 or 
SST 446, which both have nominally about 0.6% nickel. It should be noted that, although the 
SST 430 we used to fabricate a valve from had approximately 0. 1 5% nickel, SST 430 may 
have up to 0.75% nickel, as shown on the attached Chemical Composition chart provided by 
the Stainless Steel Industry of North America (Exhibit A). Additionally, since our tests 
established a trend, I bcHcvc that steel alloys with lower nickel content than currently used SST 
316 (i.e., less than 10% nickel), also would lessen residue buildup. 

As described on page 5, hncs 8-14, a valve made from SST 430 was fabricated 
and used to control the flow of TEPO for 1 89 hours without clogging, at which time the 
experiment was terminated. This experiment was performed at approximately the same 
tenq»erature and flow rate as would be seen in a manufacturing environment, and is equivalent 
to processing 1 1,300 wafers. These conditions were consistent with the conditions that caused 
clogging of the SST 316 valve after only 1,800 wafers. Therefore, I believe the experiment 
held all critical parameters essentially constant except for the nickel concentration in the valve, 
and verified that residue build-irp is affected by the nickel concentration of a metal alloy in 
contact with the phosphorous precursor. I believe that this property, the decomposition of 
phosphorous precursor by nickel in a metal alloy in contact with the precursor, was not a 
recognized or expected property of any stainless steel or similar metal alloy. 

Based on these test results and as described in our patent application, at\y 
reduction in the nickel content from the present SST 316 allnv a ppears to be superior when 
Uficd to fabricate components that come in contact with a p hosphorQUS preff yrsor. Hence, any 
steel alloy with less than 1 0% nickel is believed to produce improved results. 
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Furthemorc, stainless steel ailoys having a nickel oonceatration leas thai;t that of 
the standard SST 316 would not have been obvious to use for a phosphorous precursor delivery 
ayatom- As previously noted, Austenitic, also called "nickel-containing", stainless steels such 
as SST 316 are generally preferred for use i» wafer processing equipment duo to a myriad of 
benefits, including good corrosion resistance. This is one reason why we initially tested a 
higher nickel content steel (Hastelloy) in an attempt to lessen residue buildup, Therefore, 
without the understanding that the nickel concentration affects the breakdown of phosphorous 
precursor, there would be no motivation to replace the SST 316 of the prior valve with a low- 
nickel alloy. 

Based upon my personal knowledge and belief, I declare that all statements 
made herein of my own knowledge are true and that all statements made on infoimation and 
belief are believed to be true; and ftuther that these statements were made with the knowledge 
that willfUl false statements and the like are punishable by fine or imprisonment, or both under 
§1001 of Title 18 of the United States Code, and that such willful false statements may 
jeopardize the validity of the patent application or any patent issuing thereon. 

Executed on 9/^^ at . California. 
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